the transport of cargo molecules (e.g., the transferrin Rab1N124I, which is involved in ER-to-Golgi transport ( Figure 1B , 0%, n ϭ 73). These observations support receptor) and in part by the specific localization of regulatory molecules. Internalized vesicles at the plasma the fact that the injection of Rab5S43N has a specific effect during cellularization. membrane are transported to early endosomes, also called sorting endosomes. This step is dependent on We could further detail the role of endocytosis from the plasma membrane by using the temperature-sensithe activity of the small GTPase Rab5 [ In order to address the implication of endocytic traftion of plasma membrane vesicles, we show that apically labeled membrane is no longer endocytosed in a shibire ficking in plasma membrane growth during cellularization, we tested the role of key effectors of these pathmutant ( Figures 2I and 2J) , as opposed to wild-type control embryos ( Figures 2K and 2L ). ways. We more specifically probed the requirement for Dynamin, Rab5, and Rab11.
Together, the data so far suggest that endocytosis from the apical plasma membrane is required throughout slow phase in order for the basal-lateral surface to Results grow. We therefore checked the possibility that other trafficking defects might account for the role of shibire during we prepared GSTϩRab5S43N in vitro and injected the proteins in embryos during cycle 13, 10-15 min before cellularization. Neurotactin is a transmembrane protein synthesized de novo during slow phase. In control emcellularization. Injection of GSTϩRab5S43N ( Figure 1A ) reduces the speed of membrane invagination near and bryos, the protein traffics through the secretory pathway and, at steady state, Nrt is predominantly localized at the opposite to the site of injection during slow phase (Figure 1B, 55% , n ϭ 33, movie S1); this is in contrast to plasma membrane ( Figures 3A and 3C Figures 3E and 3F) . The very different distribution of these two proteins suggests that Nrt follows the secreshown). However, no invagination defect was observed after injection of a dominant-negative form of Rab1, tory pathway normally but fails to be inserted in the These results argue that shibire is also required for and 4E). An additional staining is seen in small puncta vesicular budding from Rab11 recycling endosomes (Ͻ1) concentrated mostly in the basal cytoplasm and, during cellularization. In support of this conclusion, we in some cases, in the apical cytoplasm. These small find, by using transmission electron microscopy, very puncta colocalize with Golgi markers, unlike the large large amounts of intracellular subapical coated pits in apical staining (data not shown). At steady state, Nrt is shibire mutant embryos ( Figure 6 ). We observe large virtually absent from the large apical Rab11 endosomes subapical endocytic structures, all of which contain one ( Figures 4A and 4C) , although some colocalization is or more dark uncleaved vesicle (Figure 6 , black arrows). occasionally detected in the small Rab11-positive Golgi puncta ( Figure 4C, arrowheads) . However, in a shibire
In wild-type embryos, however, we have not been able to detect any such vesicular structure in the subapical we found that, on top of the cellularization defects, Rab11S25N-injected embryos show a distinct "nuclear cytoplasm (data not shown), suggesting that they may form very rapidly and transiently in the wild-type. Given fallout" phenotype ( Figures 7D, 7E , and 7F) reminiscent of nuf mutant embryos. Instead of being regularly the role of Dynamin/Shibire in severing vesicles, these observations support the role of shibire in vesicular trafaligned at the cortex, the nuclei are disorganized and occasionally "fall" inside the embryo. fic from subapical endosomes in addition to its role in plasma membrane endocytosis.
We describe two classes of phenotypes, distinguished by their severity. In both cases, the phenotype is concentrated in the area of the embryo that was inRab11 Is Required for Membrane Invagination jected, at the injection site, and opposite to it. Class 1 We further tested the role of trafficking through recycling (weak) represents 50% of the injected embryos (n ϭ endosomes by using a dominant-negative form of 56) and shows weak nuclear defects and membrane Rab11, Rab11S25N, which is an effector of this process invagination defects ( Figures 7C and 7E Rab11 also leads to a strong reduction in the invagination of the plasma membrane. In the temperature-sensitive mutant shibire/dynamin we show that apical endocytosis is blocked and that
The injection of dominant-negative Rab11 also affects the organization of nuclei at the cortex of the embryo lateral membrane growth is inhibited, suggesting that apical membrane material contributes in part to the in a manner that strongly resembles the maternal effect nuclear-fallout (nuf) mutation. Interestingly, nuf is also basal-lateral surface. This is supported by the fact that the injection of a dominant-negative Rab5 protein also required for the formation of membrane furrows and for cellularization. In nuf mutant embryos, the membraneaffects membrane invagination during slow phase. In addition, shibire is required for trafficking through Rab11 associated Dah protein accumulates in vesicles in the cytoplasm instead of accumulating at the tip of the recycling endosomes during cellularization, as reported in mammalian cells [20] . First, in a shibire mutant, the pseudo-cleavage furrows. Finally, both Nuf and Rab11 localize at centrosomes. These data suggest that the transmembrane protein Nrt is not normally inserted in the plasma membrane and accumulates in part in subcentrosomal protein Nuf contributes indirectly to the formation of membrane furrows via the perinuclear asapical Rab11 recycling endosomes. Second, Shibire is enriched in Rab11 recycling endosomes. This compartsembly of Rab11 endosomes at the centrosomes. The identification of Rab11 endosomes as a key interment is organized in a subapical pericentriolar fashion and subsequently disperses in smaller vesicular strucmediate in the trafficking of vesicles necessary for lateral membrane growth raises two questions. Where does tures at a stage when shibire is no longer required for cellularization. Finally, in shibire mutants, apical endothe membrane come from? Where is it eventually inserted? The facts that shibire and rab5 are both required cytic structures accumulate large amounts of coated pits, suggesting a defect in the vesicular budding from for basal-lateral membrane growth and that in a shibire mutant apically labeled membrane is not internalized this compartment. Together, the data suggest that vesicle exocytosis from Rab11 endosomes is required for suggests that the plasma membrane present in the vil- performed on an inverted Zeiss Cell Observer system.
